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In this work ot! obsen·ations of the middle atmosphere p~r_ 
fOfmw by th~ impro ... hl 2.5THl hekrodyne specuomd~r THOMAS 
(Tera t!ert~ OH Mcasurelll~nL Airborne Sounder) during the 1997 
TIlOMASjMAHRsr (Middle Atmosphere lIigh Resolution Spectrograph 
Investigation) campaign are I'Tt"",,,ted. It.)sult. of the T HOMAS 011 
,,'ell."Ul"<)lllents arc compared to simultaneous MA HRSI OH ol-.r" .. tions and 
to pho toc]",,,,ir,a] model calculatiollS US;llg both standard HOz chemistry 
and a recenl ly I'r Ol>(lll<:<\ ch=ge in I10z chemistry. The 40km - 90km 
OH column delllliti~ .. 1II"""u~1 by 'tHO),!AS and MAHRSI show cxcdlcnt 
agree"'ent. the 50km - 90km OU colullln de"sitie" agTee well within the 
me""ur"",e,,l un<;<,.tainties throughout the diurnal cycle. The oolllpacioon 
of the obrern-d and "".>dcl()d OH ~oJ"mn densities in the upper strat06phere 
and ml"S06phcre suggests that neither model i. c,al'ablc of .imuhanoously 
reprodudng the measurements in both regio"". 

I. I:-JTRODUCTlO:Ir 

Chemical reactions in",h·ing the RO. family (H , 
OR, "lid HO,) playa significant .... ; 1 .. in middle atm<>&-

'Now at UPP"T Atm'''I,hetk Phy'''''' Br""ck. Sp"". 5<;. 
~n"" Divi&ion. C<><I< 7641. E. O. Hulbn ... C.n~ lOT Spau 
I\.e!oc.uch, Kaval R .... arcll l .... bm~WI")". Wuh~on, D.C .• 
2037b ~352. 

':-,-"... ~, liorn",~ Sen,inR T""l",o~' Inotitnt<, Den'lICk"" 
Zenbum fUr Luft- und Rauu,I.u. .. ~.V , ObeTpfoffenhoCen , 
D-8~2:J(j W.t5linR. Germ.ny. 

Auno",berl< S<irn« ...."".. ,he Stntopou:oe 
G<o>f>/Iyoica! Monogn;>h III 
COfI}"I"iJhl2000 by tile: Amenca. Ci«>pIIy.iul UniM 

'" 

ph.".ic 0".0"" cltemi'try. Ho""""" recent m .. ""ure",enU 
of 110 , in the up!",' "Tatollph.". .. lUld "","""ph"", pr~t 
I!.n incoru;istl'llt picture, indicatinj!: either me""urem""t 
errx"" 01" dcliciend.,. in our undeutandi.n& of atm<>&­
ph~ric odd hydrosen. Up to 'lOW, "",,,"u,oments of 
middle atm"'.ph~ric. OH could nol be rornf""1'<l di_ 
renly because they ...",e carried out at differenl Loca· 
lion', at different time!l, o. covered altitude rcj!:ionS 
that do not ""eTlap. For i"'lllUce, retrievaill from the 
1994 space borne ol>oervation, of me505pheric OR by 
MARRS! [C""wa~ d ai, 1996, S~mm"'" d oJ., 1997, 
C.nw~~ d oJ. , 1m] extend d"",·o to 5Okm, ",hereM 
the me8.ilureutenl of .tratospheric OR profiJ"" by a bal­
loon borne instrument (HR8-2) rovers a1titudC$ below 
:;Okm (J""'" , I oJ. , 1998]. For the baIJoon borne m ........ 
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IIfftn1'f\l, tbe I"E'pIIfUd O H """""",atio\ll at rokm....., 
La ~nt ""th the Mandan! chemistry (lftdi<:tion, 
.. bile tbe 1994 MAHRSI ..... lIIu ,,""'" fuund to be lO'JIt 
- 40 1\ looo-eo- than the ""'cuillted model , ... Iuff! '" 50 km 
I WMO, 1993], To reooI .... th_ p.<)b ....... " coordinated 
.tmOlph~ne me.asmcmcm" with diHt~ut "1tU,,,~,,,",,t 
\cchniquCII and O'1;!dappillll Altitll(l~ ,cp.",,, a'e dea;'­
able ill or""r to rule out potential unknown .y,t(lmlllic 
eno ... 

O J! meaourl'mffiU covetillJ! Ih~ JIII.ldle ",,,I UI'I>"1" 
sl.al.Olphefe and II>< _phere "en! performed in Au­
"III 1997 ""Ih lhe impro.M ai,botne :Ul"Ilt heter0-
dyne epearomo:tn T HO:'>IAS. 'I'he. ",e .. u.etn~nU .. ......, 
coonlinMOO La ,,~ and time .. ith m~.rwten .. 01 
_~ and upper n.atOIpheric 0 11 from I.be 
If!COfId MA HRSI ftiPI. In the r~illJ!, ..... iii'" • 
brief ~..,... of lhe T HO:'>IAS illAtr"m~nt, I.be In_ 
,,,,,,ion t.,mniq..., and tbe method applied to rompan! 
TUO:\IAS obo<:r''alions to :'>IAHRSI _"I,., Finally, 
the .et"IU oftht THOMAS OH 'neMlI,~'~nUl are pre­
•• 'fIt .. 1 lind compared 10 MA IIRSI m .. a..u'~m"n," "" .. ~ll 
... to photochernkal model calculalloll', 

2, EXPEIU:\IE:>IT 

t. I. Irul ..... "",,,1 

Tbe T II O:\IAS iIl3Irumet>\ is " fu.lller de,-eioprrtelot 
01. '2.['T H" be\erodyne spectrom~ for ntr~I"""", 
trial ob6o!n':t.tionollN.1 ..,.. buill .1 tbe Mu- PIanclr­
Instilute for Ibdio Aslronotrly in Boon. Get"1IUIIl,)' IHi ... , 
1991]. AI DtR (German An'OI!.,..,., Cenw, 0...,. · 
pWfen~), .be Innrumoen. deliS" .... modl&ed to 
"'low d ... ~ion of OH tbermal cmiMioa Ii...,. 
In earlh', at~phere from u.., DLR ......:""d> al rc .... ft 
FALCON. uoilll\ an u!,- loolcillJ! lloomary. Th~ 0 1_' 

atiQn of THO:\IAS . bove the t"'pop., .... it desirable 
l....:au8Ol nI.he .i~i1ic""l .i~aJ abeo<pllon due to " ' (l­

ter vapo. in !.he far- infrared at 10 ....... oJtitud"", "The 
fiNrt m~ ... u"'rncl\l lIi&J!ts .. ere performed in 1119<1/95, 
provint tht oJnrurthin.,.. nI Ihe instnrmcnt ] Til. el oJ., 
1m.; TiC. oj oJ., 1995h1. Bet .. ....,,, Ih" ... fti(tl'u R'od Ih" 
1997 T HOM AS "", ... uremetlt3. the tpeCtl'Cl<ne'e.- ..... 
..... i6cant!y impnn-..d and • n..w aircraft ""ndow ..... 
built Ib·ng/t:r1 d .,., 1999a; e"glt:rI dol., 1999b; E"9-
Iort, 19991. 

The inouumoental modifications incr.ned the ori3"a1 
loG ooitI: ratio by more than a factor of fi .... , .. ·bIIe im· 
Pro\"lnl . h" apect.ral re.ooiulioo. by III>oot • (""tor of 
tWO, ri&ur" I .00..-. • typical tpeClrum meuurf!d by 
THOM AS af(..,. the imprQ\~mcnU. A 1IronC ,,·.Iet 
vapor Ii"" and I.be OH triplet (I"'" slronK Rnd """ ... ak 
Ii"" '''' ... &3, 8690m-') can de..,.ly be <eCOf!ni.oo. 

• • 

. '1,,,,,, 1. C.hbr.lool '1'«\' ''''' "", ... , .. 1 d " ,;,.,; 1100 
THO~!AS/~IAHRSI C"'''I'*'In in Au~." HI97 

Tbe pOOtowet.ic lICCUracy of THO~IAS "'ao LaVC$l.i· 
pU:d U$illl\ labo.&lOIY """""' .... II"m~ of JIU:thanol """"" 
sirrn Ii""" ",od ....... included ill .ho: e"o< bud&L1 . 

t .t. M .... ""'m~nl G""m~u.,. and 11 ..... C""""'f'< 

The ,,,,,,,,,.,,en,,,'" louliouo and ti'rllIlJ! ,.~." 
""Iected 10 adlieve ........ 1)' ..,... mi .. tii" .. n"" ""d ",It> 

mi .. tim~ .. ith ,..,.ptet 10 .he MAHRSI oo ......... tions for 
Ihe uP»'" 8\1 MU'I.I""" .",1 IIIetOIpl",re . D"e to Ihe dif­
f.".ent \"i"",i,,~ ~"""'~tri ... of Ihe ;,,~uu"'~rrt.Jr (TIIO:\IAS: 
" I>-lookin&, 70'" 8[,. from tenith, MA !lRSI: limb "Ie ... · 
;IIl!, langent hei~1t bo:lW<lCII About J5km and OOlun) a 
[>ffl"fH:t malch of Ihe 1'",10.,.1 ~i. m!",ne i. "nl l>OrII!il.olc. 
1I00.e,·"" .ioCO! the upper Itral""I' ..... k ~n.l m~ho:ric 
OH coI,,",n ",no.mt;1 dominalOO by OJ! ~"....", 40km 
and OO km. the FALCON AWII ..... Ie ,,'U llIan,ocd in " 
•• y .hal tM ai. m!ume~~ by TlIO\IAS a. 50km 
roincidOO .. ith the \.anJIlm' point "ad< of MAIIRSI, 
.. hcn",~ ~bIe.. PlIIte I IoIIows the ''''' .... ''''''''''. 
&<:omelC}' for August l a , 1997. The ."", Ii".,. indio 
catirO& lbe l"l"" cnt ... _ ".lid ""il pOints of " vin .. aI 
MA I!RSI 50 k'" lAngent Ilcijtlol Ii,,,, oC "'~t (I.ye, Ihick­
n .... : 5 km ) .. ..,~ arlded to .hto piaI'! to ill ... ttate tile u_ 
lont of tile al, volume meMuroo by MA IIRSI. \linimll! 
IIIi"" di"""c~ and ti"," "'M ""hie,"t1<\ for ten ~IAIIRSI 
"""<flights on 4 <lay. l"'I-'>*'1I AU5lJljt 10, and AuSU.t 
15, 1997. T he «(>Otdinal!ld meaour""""'" r&nge ""..". a 
locAl 001", lime (LST) illterval bo:tO.O)CII about 7 am &nd 
Spill. All addilional l un!le\ ni,ht "'M l>erform!ld w;\h 
T HO'IAS,o ~Iend 11M! IIIIM! (O\~. 10 about 8pm 
CST 

J . DATA A~AtYSIS 

9.1. I .. "" ....... 

A best 6t nI II , odial;..e uansf<!r calculat.ion to the 
me,""",oo opcr:t rum ;. used to detcrmh ... 011 """""". 
Iration profiles f.o'" tile up louI<iuII ,h",mal emissloo 
opcr:tra. The ;"ronnRtion about thc vcrli.,..J di",il",. 
lion or OH i, contained in the 1'''''''''''' dependenl line 



.. idth (0 11 line paramo:«n .. ~ adoptM from Park et 
al . [1996) (~U.., t.ro..t"","lI and temp<!rature exp<>­
n. m ) ",od I"" H!T RA!'\ data b.a.oo (line poooi.lo" "".I 
ot"'lntth» . TIM> in"",.ior, M cor,,,,,mratim, profi l .. (rom 
allI>Olphnie emission da'" ls",eIM'Tally known '" be an 
iU-P«<d ",oblm>. ~Jarl"lion , i.e. tbe ,,,"odoctiOl, 
01 addit ional coomrainu. Is I>«eSlaly \Q let a nu~· 
cally l Iable and ph)-DcoJly 'neanindol ootution. 

11m T HOMAS "pecn a h..., been procellM!d usin, 
Phmil'lI-Tikhonov r~ul/U"i •• tior, (PT R) "" '~I"pe<l 
by IIamen [1992] and firl' "1'1'1;",) 10 atmOlpru:.r;C re­
triomol by StJannp! a"" .xllrntr [1997] . I" cootr .. ' 
10 ~jmal en.im.>.lioo [Hodgen, 1976) PTR does no!. 

requi .... po!clfiC8tion 01 an a prio<i profik: and in co­
\"alianCO! matrix. IruU:(od, I''fR stabiti_ the !IOIutioll 
of the Ictl.!. SqUM"" prolllcrn by aJdil\jl; a lmooth""". 
<"""tllLim, a"d H ...... ,, '. L-<:urv<) «ilc,;m, io ...00 10 

automatically drtermine lhe oplimal ""'<10th"", alloo.·. 
inf: ..... n !faction 01 III much informalior, ... possible 
from the r ..... o""""'" [Sc/llmpl. 19!I!I, t;nglOJ1 d d . 
man • ..: ... ·pl'n prtp"nlhonj. 

In addilion to the 0 11 oon"' '''''>I,ior, profile. the ill_ 
v''''ml alSOI"ithrn "boo c.lllcuia .... t he a''':raIP''' kernel 
matrix. In , Iwwy. t he in""fled ..-Irom io th@produ<1 
ot t ..... ver~ ""'""01 matrix and the I ..... o;onoentra­
tion profile, ... hich..-... IhAt.he av"rasi" , mncl ma· 
lrix !"OWl d~mine the lO!I\.IIit;vi.y of tI'e f1lt,ie,-ed OH 
<!<)OCenl,ation al a partie"l .... alti."de to tloll 0 11 OOn_ 
centratio" "' <>\ her ..Jlltud<!ll. Due to the ,""""hing of 
the h,,,,,,,ed profile by the a_asi,,« lremel . il io con,· 
mo.lly UMd 10 charllClerUe the IIIt;loo.. . lIOIOIu, ioo of Ihe 
_ .",,-00 ptolile. T he middle panel of Plate 2 '""""'" 'll'" 
ical T HOMAS a_a,sin, ken>cI rows, illumllt;n, boo;­

the , ,,,ultl,,, prolile io smoot hed on th" "h.i tu(\e ~rid of 
the ;11' '':r3ior •. LI , It~ ",iddLe and uPJ'H" Jtratooph~.e, 
lbe a_asi"llkemel rows are .tron~y J'H'akoe<lllfld the 
Iypical fuU _WIth a t half maximum of tbe ""'" ;. "'ound 
2<ikm. In the "","""pbe<e ...... ...-, the ....... ad"« ker_ 
nel ""'" _ DOt .. ron&iY peakM, ohoov;"lI that In Ih io 
rer;ion no hel"'t informal ion is &\"';lable fro", the "P""­
trum. Thll bo!ha"im is. conlie<lueno;,e rJ the faellhat in 
lhe m~ph."., the nne oI,aJ'" of OH thermal ... mission 
its DO Ion&er dominated by J)«'f'Iur~ b • ..-deni"ll, bu. by 
' '''''pealu.e broadeni"&, which r .... l ... in _ "",,"y alti­
l ude lndependem Ii"" ahspe ill tho: 1I\eI06Phe<e. 

$.1. Dden"in~Ji.,.,,"1 WeightoJ Column V.",W •• 
Due 10 lho: .ub.tantial,""""bi,,« of t he 011 v<oIil .. 

inverted from THm olA S data, a dirt!« OOInparOOllO 
hi&h venir.al re.otutioa MAIIRSI 0 11 proIik!tl '- photo­
dM:rnkaI model resull.l is DOl; jIOIISibie. M"ltiplic.a1ion 
" f lM hi,r,b vertical resolution profi les ... ith a TH OMAS 
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.'~a,si", kernel can he ....,.j \Q match the \-enlo:all1!­
ooI"tion of lhe profil.,. \Q be """'pared. Tbe cor"I""_ 
;""'" p"' ... n"-~l henl utili..., 1IItl'9"II.d col~tI'" de".lIi." 
tlelint'tl lIS tl .. IOtmotlpherie 0 11 prQ/il~ '''''><Abed by a 
THO~IAS a\~as!,,« uro."l ""d im"Vat.ed 0\"eI" Ill\ilu"~ 
... illustrated in I'late 2. The left. panel ot Plate 2 shows 
tWO ~ieal ,,,,,,lei 011 pr<l6le. rep""",",,,;,,1'; the 
Jw,dllfd odd hyd.~n cho!millry [Dd/= d w .. 19971 
(hent.efonh ,ck, rnd 10 lIII Model A) and revis"d ",Id hy. 
dror;en chemi.try ( h~"".,{orth rdcrr~'tl 10 "" Model UJ 
..r\~ S~mm~.' t l <>I. (1997). I" lito! riPtt pano:l the 
... me profileot .... e ~'n after smoothin, .. i th the .\'e"T' 

"&inllkernel "'hicI, io devict.ed in the "riddle I"'''''' In 
additloo \Q tho, ,,1<l<Ie1 profil"" a THOMAS t".,."u,C<l 
~tofile i. i .. d",,,",' ;n .he ri&ltl 1""11'1 "f Plato 2. Tit., 
8h"d",I'oJea illll.ljlrates the oWk", 90 xm "'ci"hte<1 Oil 
~nl"mn density. Tbe ."""'thill, of Ihe 0 11 prolHtl! P'ier 
t" lhe w,~"W .. tioo. ,JUlkeO tho, wti&illoo coInmn demit;.., 
dl,,,,,ode,,~ on 0 11 beIoorr tlte 100...,.. limil of intqration . 
F"br the <lO xm t" OOkn' ""'i&hted 011 colUmn, the Sofln. 
,ili\"i,y to 0 11 n' k,..,..,.. altitudcl ill about 2'0% "'~re"", 

it i. sho", 15% for the 40 k", t" 90 km .. ..:iKlttt:!d Oil 
col"mn. 

The diH~ .. ~"t .IIIlilu~ =. of THO~IAS arKl 
,\1 A HRSI fUrlbe< cornplic"U'1 the I'OI'IIparOOl of II", .. 
sulu ot tIM> t .. "() txl'erimen .... Oil prolU .... im..,,,ed from 
lndl"idual ~IAH RST 11mb ..,antI, 'h~\ .. r~ "oed fur ,h. 
,,,I,,;,,,,,,,, ",iss Ii",,, AAd d;'I .. "~,, l'£lmpari",,,,,, rm"r 
II", a1.;t ude r~n bel .. ·.,.,,, .. llIm\ 50km and 9Okm. [n 
order to ..... I00I10 the .in&Je oe"" MAHRSI proIiJl'II 
U6l,,, .. T HOMAS a_>PIIl! ker"eI, tire MAIIRS I "".,. 
fi"'" ha'.., \Q be .... teftd<od ,,,10 lhe 8I"t(I$]>IIen!. The 
<ll<lcnsion into tI,e UI'l>e'f stralQ6;plttorc "'lIS PllrfO, ",cd 
ba,ed nil , .... ""&'~t ~I A Il f(Sl limb ..... " data [C,,,,,, ... ~ 
d <>I., 2000] that 1II1",,-ed a ,~Iiabl" in"'niOD 01 Ot! 
concentratiorul dow .. 10 .. bollt 38knr . Beknr- lSk ... 
the f'Xtemioo "' ... m¥Ie usin& Slaud",,, pbou)rhem· 
i~lry ,..,.,,11.0 (~ lodE'l A) .hat.how ... """,,&hle &,1\<"""""" 
... ith ~IAIlHSI ""ult. at 38hn (C'>n .. a~ . j d .. 2000]. 
USio!! th;. '""hn i'l"~' ,';O km 10 90km ... ..:If;hted 0 11 col· 
u"''' de",.jli"" h",'~ ...... n der;,"l'<:l I,,,, ,, oiu,1.: ~ I A IlIIS[ 
lim!> .can •. 4O~m to 90km .. ·..-;,10 ... 1 column dcu&h;'" 
h~\"e '-" de.h-ed fro", av.,,~ed MA II RSllimb oe .... 
utended by Model It rewlu below 38 km. 

3.3. t:rmr A .. ellmenl 

T he a ...... ""'''1 of """';ble "rron ;n II", THOMAS 
w"-;"'ted OH coI"mn amouo ...... as J",rferrmed uline a 
lypical noiM! conlaminated "'Y"thl!lic spcetrom. The 
fynthetic "peelru,n Itas '-" invert.ed indndi", j>t"f1ur­
hMion. due to _ "med .... 01" lOll...,.., In order 10 .. ~i­
"Illt~ the ..tf~1.I on tbe .. "Cight.ed 0 11 column den,;. y. 
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• 10 - " .. .. 
Plate 1. Measurement geometry of August 15, 1997. The 'predicted' data is the result from initial 
calculations. 

'" 

., 
- _A 
-_a 

10 0 1 2 ••• OH runt.ro.r.ly(10' em",",! 

Plate 2. Left panel: Model OH profiles using the standard (Model A) and a revised chemistry (Model B). 
Center panel: typical THOMAS averaging kernel representing the mapping of the high resolution model 
profiles to the low resolution domain of THOMAS retrieval results. The rows correspond to fifteen 
altitude layers of equal spacing between 15 km and 85 km. Right panel: Both model profiles, smoothed 
with the averaging kernel so that they can be compared directly to the cprresponding profile retrieved 
from a THOMAS measurement (LST "" 13:00) . (Error bars illustrate the statistical error only.) The 
shaded area represents the weighted column density between 40 km and 90 km. 
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Fig""" 2 . Comp"''''''' of 4Qkm - OOkm _i~h.NI 011 
",Iu.tun den";'"" d",irtd from TIIO~IAS oboer, ... 'ions, 
MAJlftSl ' ""ults from a"",~ limb """"', and two ph.,. 
toeh"",;"'" ",00.1 c.lculation, Til< MAIIRSI prolil ... from 
.,uaK«l li,"l. sea". c"",", tbo 1Il km - \10 km ... titud< ""lion. 
~lo<lcl A u"," .... "dud odd hydf<>!:~ chemistry [1)<.1/"", <I 
01., 1007]' m<><I<l II ..... . 50% ' educlioon in th. tate c"""­
f"-,."" f ... O..-HO, -. Oll.,.O, .. di",...".d in Sllmm<TO <t 

01., [l !m]. 

F", the 1997 THO:'>!AS measurements, eighteen 'Y"­
tematic error 'o"r<:.", "'. iuyestigatcd Ihi. "'"ay and the 
total .y.tematic errOr for the 4(1 km - 90 km "" ",,,11 
lOS the 50lun 90km w.,igh,ed 011 column density is 
found to be on the ",Jer of ±15%. The error lIOur"". 
regarded here include instrumental """''", " '"C<'rtl!.iulit-... 
in ,ulII""l'bcric press",e amI temperature, ,-ariatio". in 
interfo>ring g"" concentration. amI uncertainties in .pee. 
tral line a nd continuum data. Th~ ",atiStic...! error of 
the i",'",-';on is typically in the ranll" of ±7%. 

4. R£S tJL"l'S 

F;g"'~ 2 sh" .. ·• 40 km 90km ",'eight"'[ ~"'[mnn deu· 
sities as a function of l.ST that W"T~ deri, ... -d from 
TRO~IAS data, averaged MAIlRSllirnb scan. and f,om 
pMw"h"'nical model results , Model A u .... s tandard 
odd hyd~en chemist'y "'hereas """lei H incorporates 
a 50% d=cMC in the key 0 11 /110 , partitionin~ ,eac_ 
tion (0+110" ---+ Oil + 0 ,) as discussed by S .. >u",,,'s 
.~ aI., [1997]. The compa,ison of the 40 km to 90 km 
weighted OR column de""iti .. oh~. excellent auee­
mCnt of THOMAS aod MARRSI obsenlltions, The 
upper .tratospheric and mesospheric 011 column abun-
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dances observed by both instruments are about 15% 
]",,"r than the modo! pTediclion using the Itand...-d odd 
hydrogen chemislry ,:Modcl A). The model resu] u u';ng 
the ' ''''i,ed oh.mi.try aTe aoout 10% I~, than the ex­
perimental valu",. 

Figurc 3 w<:> ... , 5()km - 90 km ",-.e>ghted OR column 
densities dcri,""] f,om THO~IAS OMervation8, 
MAIIRSI oingle •• ",-, "boer""t"'n.! coincidinl'; in space 
"nd time .. ·ith the TIIO:>'IAS observation.! and photo­
chemical model rc.u:!.s .. a function of LST. The Silkm 
- 90 km .. ....:ghted 011 column densiti"" meMmed by 
TII O.\tAS are abou, 15 % w...er than Model A resul!.s 
and "oout 15% ~."tc.- than predicted by :>.fodel B. 
T he ,.,.1...,. deriv"" from coincident ;\IAHRSI single limb 
""'nS .h"." ogre<>rnent ."ith TIIOMAS to bette< than 
abool 10%, but are ~enerally w...er than the THO:\-tAS 
00""".,.1;0110. 

The (>verall .hap'" of the diurnal variation of the Oil 
,,"":ghted column densit"'" depicted in Figures 2 and 3 is 
in agTe<>menl with DIode] prediction.. This .h(Y<;s, that 
neilher local "arialWwo in OR, no' chan"", bet"'_n the 
day. of "bservalion ha ..... been si{9lificant r"8"'din~ the 
otatistical ""or of the presented ""pcrimentaJ data. 

The eno< him! dt:?ieted in Figures 2 and 3 'ep,esent 
tbe stati.tical erron due to measurement noise only AI 

-/ , 
i 
I r 
I 
j' 

o r-,.;-~ •• ~~,.;-~" •. ~~;";-~,, •• ~~;,,;-~, •• 1 ---.. 
• " " " • " 

Figure 3. ComP""""o of ~ km - 90km ~hud 011 col_ 
umo d<nsi,i<>l. d<ri'l"<>:! from THOMAS o~;oo., Ili.D~ 
litnb oc ... MAHRSI moult.>, and tWO phOl;oclJrn.ic.oI mod<l 
cakuLali.,. ... Th~ si.,1< L'ub ""an MAHRSI profiJto <OV­
er t he ~km - 90km a1titud< "po... and coincide in SP""" 
and time vith the T"]>e<'i~ THOMAS ffinou,..,mento. The 
denotation of ,he model ","nit. ;" IU1a1o!!O"," 10 f iS= 2, 
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diocu!!lle(\ in Section 3.3. tlu: maxim"n, lyltC,,04tU:: er­
,Gr for th~ au coIum" IUnou"U ,x...,n.,..) by THOMAS 
.. &pp":IXl,,, .. tely 1S%. The total .y.tcmatic «,on of 
t he MAMRSI nleUu.",,,,,,,u lUll enimatcd 10 ~ ~ 1'1..01 
-15.5'" for the 00 km - 90 km column " .. d + 19.0/·22.5% 
fur 1M 40 km - 90 km column ~i.y 1_ a1to [c ........ w 
del., 19991). 

6. CONCLUSIONS 

The ,etu!" of thill ~rtt joint upper .lratOl!I,locrk IU"I 
",,,",,,,pberl<: 0 11 mCllll uremcnt campo.il!n , U';'lg 
\wo ent;...!y different n""""rt:men' t""hni4U~"fI (Jifferent 
,.eomeiry of obIen-at.iob and differeDI .peel rill ,eJio",), 
JI"o.,. thaI ""';0011"""""'" of ".-..phe,ic Olt " 'e p;t. .... 
eraJI)' 100.....- ,Itan upected from ""nd",d plO<llochem· 
icaJ ,h_,. Thi. conclusion brings into '1u .... ion OIl. 
undfntandi", of the upper suaw.p/>eric 110, chem· 
i111.Y, .... ce t he same MO. chern;""] reaction. Ibml"ale 
OM/ Ho, partitioniD,. in both .~nl. In vito.· olth~ 
I~'est haJl""" oI>1iO!'YIItin'lI by J .. cb ~I.j [19'98), InnB 
term e<>Iumn me"U"" ne"", by B"rntll .1 oj. 11')')81 a"d 
the 19').1/97 MAlillSl reoult., it _Ill. Illlli~ly Ihat a 
r .. ,e cLange 01" sl"Sie reaction .ate in 110, ,,~ellliltll'Y 
.. illleood to agr<!M..-nt bel ... """ MO, ,,,,odd8 ",od meu-­
~u .h.-ou&boot the midd'" at moo;pl>e<e. 
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